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Abstract 
The effect of five formulated feeds, supplemented with fresh wild seaweed on the 
growth of post-weaning juvenile abalone (6 - 20 mm shell length), Haliotis midae 
Linnaeus was investigated by means of a growth trial at a commercial abalone farm 
over a period of 11 months. The experiment included 10 diet treatments with two 
replicates each (n = 50 individuals per replicate).  The first five diet treatments 
comprised of four fishmeal-based formulated feeds: Abfeed®, Adam & Amos® ‘a’, 
Adam & Amos® ‘b’ and Adam & Amos® ‘c’; and an all-seaweed-based formulated 
pellet: FeedX.  The additional five diet treatments comprised the formulated feeds 
above, supplemented with fresh, wild seaweeds; the kelp, Ecklonia maxima (5-15% 
protein) and Ulva lactuca (3.7-19.9% protein).  The fishmeal-based protein feeds 
produced significantly better growth than the all-seaweed-based protein feed, FeedX 
(0.49±0.03 SGR; 27.15±0.02 DISL; 0.864 final CF).  Abfeed® (1.00±0.02 SGR; 
60.79±0.04 DISL; 1.312 final CF) performed best of all the formulated feeds.  
Supplementation with fresh wild seaweed, however, significantly improved growth of 
all abalone with supplemented Abfeed® (1.05±0.02 SGR; 63.61±0.05 DISL; 1.447 
final CF) outperforming all supplemented feeds.  More striking though was that the 
condition factor of abalone fed that feed (FeedX) that performed particularly poorly 
in the growth trials was dramatically improved by supplementation.  The results of 
this study show that supplementation with fresh wild seaweed enhances the growth 
of abalone reared on formulated feeds.  
  
Key words: Abfeed®, Adam & Amos®, diet, formulated feed, growth, Haliotis 
midae, seaweed, supplementation. 
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Kelp as a feed is either absent, scarce or insufficient to sustain the current 
commercial production of abalone (Anderson et al. 2003, Viera et al. 2005, Johnston 
et al. 2005, Anderson et al. 2006, Troell et al. 2006) and this has prompted research 
into the production and use of various artificially formulated feeds.  In South Africa, 
two formulated feed brands are currently in production. Of the two feeds, only 
Abfeed® (Marifeed Pty Ltd., South Africa) comes close to meeting the nutritional 
requirements of Haliotis midae Linnaeus and is consequently the most widely used 
formulated feed in South Africa.  A number of studies (e.g. Britz et al. 1994, Britz 
1996a, b) have shown that Abfeed® dramatically improves growth over other feeds.  
Recent research by Naidoo et al. (2006) has shown that incorporating fresh, protein-
enriched seaweed combinations into the diet of H. midae, may significantly improve 
growth even over formulated feeds.  With the exception of Knauer et al. (1996), all 
these studies have concentrated on grow-out juveniles (abalone with a shell length > 
20 mm); none so far have attempted to test different feed combinations on the 
growth of post-weaning juvenile abalone (abalone with a shell length > 6mm, but < 
20 mm).   
 
Besides the two formulated feed brands under production in South Africa, a number 
of other formulated feeds have been imported into South Africa (e.g. Adam & Amos® 
- Adam & Amos Abalone Foods Pty Ltd, Australia) for testing on local abalone farms.  
As far as we are aware, no published data exists on the effects of different 
internationally available formulated feeds on the growth of commercially farmed H. 
midae.  In addition, feeding strategies are rapidly evolving and there is a need to test 
different feed combinations.  This study was therefore designed to determine the 
comparative performance of the two commercially available South African 
formulated feed brands and one Australian brand, and the effects of wild seaweed 
supplementation of the formulated feeds on the growth of post-weaning H. midae.  
 
Material and Methods 
The research was conducted at the Jacobsbaai Sea Products (17º 53' 12.5" E, 32º 58' 
2.5" S, Western Cape, South Africa) commercial abalone farm.  Moderately aerated 
seawater with a flow rate of 1400 ±100L.h-1 was supplied at 14.5±2.5˚C in concrete 
production tanks (5500 x 1300 x 550mm; length, width, depth). The flow direction 
within each tank was alternated weekly to compensate for end effects. Abalone were 
grown in culture baskets (800 x 570 x 250mm; length, width, depth) subdivided with 
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vertically orientated feeding plates to increase the surface area.  A horizontal feeder 
plate (600 x 380mm) was centrally positioned above the vertical plates.  Culture 
baskets had perforations (5mm diameter) at their bases to allow for downward 
circulation.  This design provided optimum access to feed with no visible feed 
wastage.    
 
Experimental animals 
Post-weaning juvenile abalone from the same broodstock pool were supplied by the 
Jacobsbaai Sea Products commercial abalone farm. All abalone used were spawned 
in July 2003 and were approximately six months old at commencement of the 
experiment. Prior to commencement of the experiment, the abalone underwent a 2-
week conditioning period and were fed only Ecklonia maxima (Osbeck) Papenfuss 
and Ulva lactuca Linnaeus. The abalone were then subdivided into two replicate 
baskets of 1000 individuals per replicate, per diet treatment. The initial weight and 
shell length of the abalone were measured at 0.295 ± 0.005g and 12.72 ±0.015mm 
respectively. Thereafter, both body weight and shell length were measured monthly. 
 
Diets 
Ten (10) diet treatments were tested during the experiment of which five comprised 
formulated feeds; Abfeed® (Marifeed Pty Ltd, South Africa), Adam & Amos® 'a' 
(AAa), Adam & Amos® 'b' (AAb), Adam & Amos® 'c' (AAc) (Adam & Amos Abalone 
Foods Pty Ltd, Australia) and FeedX; and five the formulated feeds supplemented 
with fresh wild seaweeds Ecklonia maxima (5-15% protein) and Ulva lactuca (3.7-
19.9% protein).  The first four formulated feeds comprised of animal-based protein 
while FeedX was an all-seaweed-based protein feed.  Most formulated feeds are 
protein enriched, containing fishmeal as the primary source of protein (Fleming et 
al. 1996, Folke et al. 1998, Guzmán and Viana 1998). All formulated feeds tested 
were sent away to an independent laboratory (Animal Production Laboratory, 
Institute for Animal Production, Department of Agriculture: Western Cape, 
Elsenburg) for compositional analysis (see Table 1). The approximate dry dimensions 
of the various feed pellets are specified in Table 1. The additional five treatments 
comprised the kelp E. maxima because it is the natural diet of H. midae. Ulva 
lactuca was also selected because previous studies (e.g. Schoenhoff et al. 2003, 
Najmudeen and Victor 2004, Naidoo et al. 2006) had shown that, when used as a 
supplement, it resulted in significant increases in growth.  Ulva lactuca also has a 
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broad global distribution (Silva et al. 1996, Stegenga et al. 1997) and is locally readily 
available (Robertson-Andersson 2003).  Experimental animals were fed the 
formulated feeds 2-3 times per week as per the manufacturer’s prescription per mean 
abalone body weight.  The seaweeds were fed ad libitum i.e. there was never a lack of 
either of the two seaweeds in the culture baskets.  Tanks and baskets were cleaned 
every eight days to remove any faeces and uneaten feed. 
 
Table 1. Nutritional analysis and approximate dimensions of pellets of the various 
formulated feeds including FeedX.  
Feed 
Moisture 
(%) 
Ash 
(%) 
Protein 
(%) 
Fibre 
(%) 
Fat 
(%) 
Carbohydrate 
(%) 
Dimensions (mm)
(length:width:thickness) 
Abfeed® ~10 5.6 34.7 1.6 2.4 57.3 17: 9: 1 
AAa ~10 7.8 34.2 1.8 2.3 55. 2 6: 6: 2 
AAb ~10 7.8 28.8 2.1 3.2 60.2 6: 6: 2 
AAc ~10 7.6 28.1 2.3 3.3 61.0 6: 6: 2 
FeedX ~10 32.9 19.2 10.9 0.7 47.3 40: 10: 2 
 
Sampling and data collection 
The experiment was conducted over 11 months. Monthly measurements of 50 
individuals from each of the 2 replicates were randomly taken. Before all weight 
measurements, abalone were blotted dry to remove excess water. Weight was 
recorded to 0.01g while shell length was measured along the longest axis to the 
nearest 0.01mm.                                                  
 
Daily increment increase in shell length (DISL) was calculated using the formula of 
Mai et al. (2001) and Zhu et al. (2002): 
  DISL (μm/day) = [(SLt – SLi)/t] x 1000 
Where SLt = final mean shell length, SLi = initial mean shell length, t = the 
feeding trial period in days. 
 
Abalone specific growth rate (SGR in %weight.day-1) was calculated as in 
Neori et al. (2000) using the formula: 
  SGR = {In(Wf)-In(Wi)} X 100 
                          t 
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Where In(Wf) = the natural log of the final mean weight, In(Wi) = the natural 
log of the initial mean weight, t = the feeding trial period in days. 
 
Condition factor 
The condition factor, which is an index that was developed to account for the 
relationship between the weight of abalone per unit shell length, was calculated using 
the formula of Britz (1996b). 
CF (g.mm-1) = [BW (g) / SL (mm)2.99] x 5575 
Where CF = the condition factor, BW = the mean body weight, SL = the mean shell 
length, 2.99 and 5575 are Britz (1996b) constants.  
 
Statistical analysis 
Unless otherwise stated, all data are expressed as means ± se. Data for experimental 
replicates were pooled as no significant differences were found between them. Since 
there was no significant variation around the starting values for both weight and 
length, and since one factor (diet type) was tested against one variable (growth), a 
one-way analysis of variance (ANOVA) was used to compare the differences between 
the final means of all treatments.  To test for correlation, the body weight and shell 
length of abalone from each diet treatment were compared by means of a linear 
regression test. All results were considered statistically significant at P<0.05. 
 
Results 
 
Growth 
Supplementing the formulated feeds with fresh wild seaweed significantly improved 
the growth (P=0.005) of all abalone (Table 2).  With regard to the specific growth 
rate (SGR), supplemented Abfeed® (1.05±0.03 % weight.day-1) performed best.  
Abfeed® (1.00±0.03 % weight.day-1) on its own also produced a high SGR.  There 
was no difference (P=0.9469) in the growth of abalone fed either of the different 
unsupplemented Adam & Amos® feeds. Abalone fed the animal-based protein feeds 
fared significantly better (P=0.0037) than those fed the all-seaweed-based 
formulated feed (Figure 1).  The relative increase in growth (i.e. difference between 
the supplemented and its unsupplemented counterpart) was, however, more 
dramatic for the poorest performing FeedX.  
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With regard to the daily increment increase in shell length (DISL), the supplemented 
AAa feed yielded the highest growth (67.21±0.05 µm.day-1) followed closely by the 
supplemented Abfeed® (63.61±0.05 µm.day-1) (Table 2).  Unsupplemented FeedX 
yielded the lowest increase in shell length (27.15±0.02 µm.day-1). 
 
Dlaza, T.S., Maneveldt, G.W. & Viljoen, C.  (2008). The growth of post‐weaning abalone (Haliotis 
midae Linnaeus) fed commercially available formulated feeds supplemented with fresh wild 
seaweed. AFRICAN JOURNAL OF MARINE SCIENCE, 30(1): 199 ‐203  	
 
University	of	the	Western	Cape	Research	Repository	 gmaneveldt@uwc.ac.za	
Table 2. Growth parameters of post-weaning abalone grown on the 10 diet treatments.  Diets are ranked by their SGR.  Means with 
the same letter are not statistically different. 
Diet 
Final 
weight (g) 
Final 
length 
(mm) 
SGR 
(%weight.day-
1) 
DISL 
(µm.day-1) 
Initial 
CF 
(g.mm-
1) 
Final CF 
(g.mm-1) 
Correlation Rank 
r r2 SGR DISL CF1 CFdiff2 
Abfeed®+U/K 
9.60±0.21 
a 
33.71±0.34 
b 
1.05±0.02 a 
63.61±0.05 
b 
0.965 a 1.447 a 0.95 0.90 1 2 1 0.240 
AAa+U/K 
8.59±0.23 
b 
34.90±0.34 
a 
1.02±0.02 b 
67.21±0.05 
a 
0.919 a 1.167 b 0.97 0.94 2 1 2 0.091 
Abfeed® 
8.01±0.23 
c 
32.78±0.34 
c 
1.00±0.02 c 
60.79±0.04 
cd 
1.070 a 1.312 ab 0.97 0.95 3 4 3 - 
AAc+U/K 7.26±0.19 d 
32.79±0.35 
c 
0.97±0.02 d 
60.82±0.05 
c 
1.014 a 1.189 b 0.96 0.92 4 3 5 0.166 
AAb+U/K 6.39±0.21 e 
32.15±0.32 
c 
0.93±0.02 e 
58.88±0.04 
d 
0.969 a 1.110 b 0.97 0.94 5 5 7 0.066 
AAb 4.90±0.15 f 
29.79±0.34 
d 
0.85±0.02 f 
51.73±0.04 
e 
0.993 a 1.068 bc 0.98 0.96 6 6 8 - 
                                                 
1 The CF rank is based on the difference between the initial and final CF values. 
2 The CFdiff is the proportion of weight gained by the supplemented feed compared against its unsupplemented counterpart e.g. (final CF of supplemented feed - initial CF of 
supplemented feed) – (final CF of unsupplemented feed - initial CF of unsupplemented feed). 
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AAa 4.76±0.13 f 
28.94±0.28 
e 
0.84±0.02 f 
49.15±0.04 f 
0.974 a 1.131 b 0.98 0.96 7 7 6 - 
AAc 
4.44±0.12 
g 
27.90±0.24 
f 
0.82±0.02 fg 
46.00±0.02 
g 
1.170 a 1.178 b 0.98 0.97 8 8 9 - 
FeedX+U/K 4.19±0.17 g 
27.71±0.35 
f 
0.80±0.02 g 
45.42±0.06 
g 
0.929 a 1.134 b 0.97 0.94 9 9 4 0.398 
FeedX 
1.53±0.06 
h 
21.68±0.25 
g 
0.49±0.03 h 
27.15±0.02 
h 
1.057 a 0.864 c 0.99 0.98 10 10 10 - 
Key: SGR = specific growth rate; DISL = daily increment increase in shell length; CF = condition factor; CDdiff = the difference in 
CF values between supplemented and unsupplemented counterpart feeds; AAa = Adam & Amos® ‘a’; AAb = Adam & Amos® ‘b’; 
AAc = Adam & Amos® ‘c’; U/K = Ulva and kelp supplementation.
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Figure 1. Increase in body weight (mean + se) of post-weaning juvenile H. midae 
grown on five formulated feeds which were then supplemented with fresh kelp and 
Ulva lactuca. 
 
Condition factor 
Except for the poor performing FeedX that had a negative final CF response, all feeds 
had improved CF values by the end of the experiment (Table 2).  Supplementation 
with fresh wild seaweed in particular, significantly improved the condition factors of 
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all abalone. Even more striking was that the condition factor of abalone fed FeedX 
was dramatically improved by supplementation with fresh wild seaweed, with this 
feed gaining the largest CF difference (0.398).   
 
Discussion 
Supplementing the formulated feeds with fresh wild seaweed significantly improved 
the growth of all abalone. This was no doubt due to the contribution of fresh 
seaweeds toward the nutrients that may have been lacking in the formulated feeds.  
Although fresh wild seaweed typically have low protein contents, (Fleming et al. 
1996, Robertson-Anderson 2003, Johnston et al. 2005), both E. maxima (Stepto and 
Cook 1993, Simpson 1994) and Ulva spp. (Schoenhoff et al. 2003, Najmudeen and 
Victor 2004) have been shown to be valuable supplementary feeds that promote 
good growth in H. midae.  The relatively high nutritional value of the formulated 
feeds on the other hand, probably accounted for the enhanced growth recorded with 
the supplemented diets. 
 
In this study, the all-seaweed based formulated feed (FeedX) performed particularly 
poorly.  It is currently documented that the major nutritional requirements for 
optimum growth in abalone include the necessary carbohydrate (Nelson et al. 2002) 
and protein ratios (Fleming et al. 1996, Guzmán and Viana 1998). While the 
carbohydrate content of the best performing formulated feed (Abfeed®, 57.3%) and 
the worst performing FeedX (47.3%) are both within the optimal range for abalone 
requirements (i.e. 43-48%, Sales and Janssens 2004), differences in their 
performance may be explained by the differences in their crude protein contents. 
Although the optimum dietary crude protein requirements of H. midae was reported 
to be about 47% (Britz 1996b), Sales et al. (2003) suggested an optimum of around 
36%.  Not only did FeedX (19.2%) have a substantially lower crude protein content 
than Abfeed® (34.7%), but animal-based proteins are more readily digested than 
plant-based proteins (Durazo-Beltrán et al. 2003).  FeedX consists of dried seaweed 
and research (e.g. Britz 1996b, Naidoo et al. 2006) has already shown that abalone 
fed only dry seaweed, grow very poorly.  The protein and carbohydrate contents of 
the Adam & Amos® feeds were relatively similar to those of Abfeed®, so these two 
factors alone could not have accounted for the poorer growth obtained with the 
Adam & Amos® feeds.  Further studies are needed to elucidate these differences.  In 
 11
addition to the low protein content, a low palatability could also have accounted for 
the poor growth obtained with FeedX. When the baskets were cleaned, more un-
eaten bits of FeedX were observed relative to other feeds, indicating that the abalone 
consumed less of this feed.  It is known that less palatable feeds become wasted and 
because feed intake is low, this results in low growth rates (Kautsky et al. 2001, Lee 
et al. 2004).  The probable lower palatability of FeedX could have been due to the 
absence, or reduced effects, of attractants that may otherwise be active in fresh feeds 
(Fleming et al. 1996, Sales and Janssens 2004).    
 
Supplementing the formulated feeds with fresh wild seaweed also resulted in higher 
CF values.  Considering that Boarder and Shpigel (2001) reported that feeding on 
Ulva alone produced relatively low CF values in abalone, supplementing with fresh 
wild U. lactuca alone could not solely have accounted for the recorded higher CF 
values obtained in this study. On the other hand, Naidoo et al. (2006) showed that 
supplementing Abfeed® with only fresh kelp produced a significantly higher body-
weight to shell length ratio relative to Abfeed® on its own. The higher CF values 
observed for the supplemented feeds are therefore probably due to a compensation 
of nutrients and attractants lacking in U. lactuca by those present in both fresh kelp 
and the formulated feeds.  
 
In conclusion, this study is consistent with previous work (e.g. Hahn 1989, Guzmán 
and Viana 1998, Bautista-Teruel et al. 2003, Lee 2004) showing that animal-based 
protein feeds firstly yield better growth rates than seaweed-based protein feeds. The 
commercially available Abfeed® outperformed all other formulated feeds tested, 
reflecting it as the better formulated feed for post-weaning H. midae. Secondly, 
supplementing the formulated feeds with fresh wild seaweed resulted in even better 
growth. The results of this study clearly show the benefits of supplementing existing 
formulated feeds with fresh seaweed combinations. 
 
Acknowledgements 
We thank the Department of Biodiversity and Conservation Biology at the University 
of the Western Cape and the Jacobsbaai Sea Products abalone farm for providing 
funding, research facilities and technical support. We also thank the South African 
National Research Foundation (NRF/Sweden collaboration) and the Department of 
 12
Environmental Affairs and Tourism for research funding. Deborah Robertson-
Andersson, Cliff Jones and Peter Britz provided valuable discussion and comments.  
We thank Max Troell (University of Stockholm, Sweden) and John Bolton 
(University of Cape Town) for the collaboration that made this project a reality.  We 
are grateful to the reviewers for their most valuable comments that greatly improved 
the quality of this manuscript. 
 13
References 
Anderson RJ, Bolton JJ, Molloy FJ, Rotmann KWG (2003) Commercial seaweeds in 
southern Africa. In Chapman ARO, Anderson RJ, Vreeland VJ, Davison IR (eds) 
Proceedings of the 17th International Seaweed Symposium. Oxford University Press, 
Oxford, pp 1-12. 
 
Anderson RJ, Rothman MD, Share A, Drummond H (2006) Harvesting of the Kelp 
Ecklonia maxima in South Africa affects its three obligate, red algal epiphytes. 
Journal of Applied Phycology 18: 343-349. 
 
Bautista-Teruel MN, Fermin AC, Koshio SS (2003) Diet development and evaluation 
for juvenile abalone, Haliotis asinine, animal and plant protein sources. Aquaculture 
219: 645-653. 
 
Boarder SJ, Shpigel M (2001) Comparative performances of juvenile Haliotis roei fed 
on enriched Ulva rigida and various artificial diets. Journal of Shellfish Research 
20: 653-657. 
 
Britz PJ (1996a) Effect of dietary protein level on growth performance of South 
African abalone Haliotis midae, fed fishmeal-based semi-purified diets. Aquaculture 
140: 55-61.  
 
Britz PJ (1996b) The suitability of selected protein sources for inclusion in 
formulated diets for the South African abalone, Haliotis midae. Aquaculture 140: 63-
73. 
 
Britz PJ, Hecht T, Knauer J, Dixon MG (1994) The development of an artificial feed 
for abalone farming. South African Journal of Science 90: 7-8. 
 
Durazo-Beltrán E, D’Abramo LR, Toro-Vazquez JF, Vasquez-Peláez C, Viana MT 
(2003) Effects of triacylglycerols in formulated diets on growth and fatty acid 
composition in tissue of green abalone (Haliotis fulgens). Aquaculture 224: 257-270. 
 
 14
Fleming AE, Van Barneveld RJ, Hone PW (1996) The development of artificial diets 
for abalone: A review and future directions. Aquaculture 140: 5-53. 
 
Folke C, Kautsky N, Berg H, Jansson Å, Troell M (1998) The ecological footprint 
concept for substantial seafood production: A review. Ecological Applications 8: s63-
s71. 
 
Guzmán JM, Viana MT (1998) Growth of abalone Haliotis fulgens fed diets with and 
without fishmeal, compared to a commercial diet. Aquaculture 165: 321-331. 
 
Hahn KO (1989) Nutrition and growth of abalone. In: Hahn KO (ed) Handbook of 
Culture of Abalone and other Marine Gastropods. CRC Press, Florida, pp 135-156. 
 
Johnston D, Moltschaniwskyj N, Wells J (2005) Development of the radula and 
digestive system of juvenile blacklip abalone (Haliotis rubra): Potential factors 
responsible for variable weaning success on artificial diets. Aquaculture 250: 341-
355. 
Kautsky N, Folke C, Rönnback P, Troell M, Beveridge M, Primavera J (2001) 
Aquaculture. Encyclopedia of Biodiversity 1: 185-198. 
 
Knauer J, Britz PJ, Hecht T (1996) Comparative growth performance and digestive 
enzyme activity of juvenile South African abalone, Haliotis midae, fed on diatoms 
and a practical diet. Aquaculture 140: 75-85.  
 
Lee S (2004) Utilization of dietary protein, lipid, and carbohydrate by abalone 
Haliotis discus hannai: A review. Journal of Shellfisheries Research 23: 1027-1030. 
 
Lee S, Kim K, Kim TJ (2004) Utilization of fermented skipjack tuna viscera as a 
dietary protein source replacing fishmeal or soybean meal for juvenile abalone 
Haliotis discus hannai. Journal of Shellfisheries Research 23: 1059-1064. 
 
Mai K, Wu G, Zhu W (2001) Abalone, Haliotis discus hannai Ino, can synthesize 
Myo-Insitol de novo to meet physiological needs. Journal of Nutrition 131: 2898-
2903. 
 15
 
Naidoo K, Maneveldt GW, Ruck K, Bolton JJ (2006) A comparison of various 
seaweed-based diets and formulated feed on growth rate of abalone in a land-based 
aquaculture system. Journal of Applied Phycology 18: 437-443. 
 
Najmudeen TM, Victor ACC (2004) Seed production and juvenile rearing of the 
tropical abalone Haliotis varia Linnaeus 1758. Aquaculture 234: 277-292.  
 
Nelson MM, Leighton DL, Phleger CF, Nichols PD (2002) Comparison of growth and 
lipid composition in the green abalone, Haliotis fulgens, provided specific 
macroalgal diets. Comparative Biochemistry and Physiology part B: Biochemistry 
and Molecular Biology 131: 695-712. 
 
Neori A, Shpigel M, Ben-Ezra D (2000) A suitable integrated system for culture of 
fish, seaweed and abalone. Aquaculture 186: 279-291.  
 
Robertson-Andersson DV (2003) The cultivation of Ulva lactuca (Chlorophyta) in an 
intergrated aquaculture system, for the production of abalone feed and the 
bioremediation of aquaculture effluent. Master of Science Thesis, University of Cape 
Town, Cape Town, South Africa. 
 
Sales J, Truter PJ, Britz PJ (2003) Optimum dietary crude protein level for growth in 
South African abalone (Haliotis midae L.). Aquaculture Nutrition 9: 85-89.  
  
Sales J, Janssens JJ (2004) Use of feed ingredients in artificial diets for abalone: a 
brief update. Nutrition Abstracts and Reviews Series B74: 13N-21N.  
 
Schoenhoff A, Shpigel M, Lupatsch I, Ashkenazi A, Msuya FE, Neori A (2003) A 
semi-circulating, integrated system for the culture of fish and seaweed. Aquaculture 
221: 167-181. 
 
Silva PC, Basson PW, Moe RL (1996) Catalogue of the Benthic marine Algae of the 
Indian Ocean. University of California Press, Berkeley, pp 1129. 
 16
Simpson BJA (1994) An investigation of diet management strategies for the culture 
of South African abalone, Haliotis midae. Master of Science Thesis, University of 
Cape Town, Cape Town, South Africa. 
 
Stegenga H, Bolton JJ, Anderson RJ (1997). Seaweeds of the South African West 
Coast. Contributions from the Bolus Herbarium, University of Cape Town 18: pp 
655. 
 
Stepto NK, Cook PA (1993) Feeding preferences of the juvenile South African 
abalone Haliotis midae (Linnaeus, 1758).  Journal of Shellfish Research 15: 653-657. 
 
Troell M, Robertson-Andersson D, Anderson RJ, Bolton JJ, Maneveldt G, Halling C, 
Probyn T (2006) Abalone farming in South Africa: perspectives on kelp resources, 
abalone feed, potential for on-farm seaweed production and socio-economic benefits. 
Aquaculture 257: 266-281. 
 
Viera MP, Pinchetti JLG, de Vicose GC, Bilbao A, Suárez S, Haroun RJ, Izquierdo MS 
(2005) Suitability of three macroalgae as a feed for the abalone Haliotis tuberculata 
coccinea Reeve. Aquaculture 248: 75-82. 
Zhu W, Mai K, Wu G (2002) Thiamin requirement of juvenile abalone, Haliotis 
discus hannai Ino. Aquaculture 207: 331-343. Figure Captions. 
